CHAPTER IV

RESULTS AND DISCUSSION

1. Praparation of BADGE.HCI

was not commercially available. The sta thesized in our laboratory. The
NN

synthesis method was adaptem B jde ethod [7]. The synthesis

condition of BADGE.HC it vi orouMatenal was low molecular

d some oligomers. All

any chlorohydroxy derivatives. After
acted mto MTBE (organic phase)
v\i us yellow liquid residues
w%hlorohydroxy derivatives
yith s was selected to separate and
purify BADGE.HCI from the Mﬁﬁm @co‘ pounds eluted from the
column was: BADGE, BADGE.HCI, .BADGmand other compounds. To further
confirmed our result, ,%ADGE .HCl fraction was analy ‘ by HPLC-FLD-DAD and
confirmed the structure-with HPLC-MS. The n '399'was observed which
corresponded to m/z +Nd fractlon of BADGE.HCI MW %76). Chromatographic
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Figure 4-1. The chr/ gpam of BADGE HC fraction that separated on

ODS Hypersil C18 column (4.0 X 150 mm 5 p.lm)' using a mobile phase of methanol-
water (60:40) with fluorescence detgctxon at wa)felcngth ex 227/em 313 nm. The peak
UV spectrum was obtained and showed y Yo at'227 nm that are charactenstlc of
BADGE chromophore. -
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Figure 4-2. Mass spectrum of BADGE (m/z +Na* = 399.1).
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2. The Optimization of HPLC Separation

Preliminary separation of BADGE, BADGE.HCI, BADGE.2HCI, BFDGE and
BFDGE.2HCI were tested on Zorbax C18 (250 x 4.0 mm i.d., 5 pm). Mobile phase
was water (A) and acetonitrile (B) using gradient elution at flow rate of 1 mL/min.
Gradient profile was 0 min 40%B, 0-20 min 40-80 %B and equilibrated time was 10
minutes before the next analysis. The HPLC condition worked very well on standard
solution. However, when using to analyze reail pf}mple there was interference from
fish matrix with BFDGE.2HCI peak. In additioil, ‘ﬁ;e»driﬁing of baseline was severed
making peak area integration very difficult. 7

Different column (9951—1 il cnlls, 150 % 4.0 mm i.d., 5 pm) was tested.
This column can separate BADGE, BADdf:.HCl, BADGE.2HC], BFDGE and
BFDGE.2HCI under simple i octéﬁc cor_ldi‘t__ie'n of water (A) and 60% methanol (B).

* In this condition, all 5 s k?és ! ere séparated with good resolution within
acceptable length of time (30 F $ '

f A
ninttes) Tab & 4-1. summarized the optimum HPLC

condition that will be used throghout this vi'r:b;i'k'.:

r add L

F ==
Table 4.1. Parameters ofatfl’l_e._?ptimal éﬂ% condition
. oy - p

Parameter L _,:; Condition f_JI

Column: T ODS Hypersil C18 (159 x 4.0 mm i.d,, 5 pm) with
guard column. —

Mobile phase: Isocratic elution at 60 percent methanol for 30
minutes. After sample analysis, flushed with 90
perderit fiéthanol for 1 § minutes and '
re-equilibrated for 10 minutes.

Flow rate: 0.75 min/mL

Injection volume: 5uL

Detector: Fluorescence detector
Excitation wavelength = 227 nm.

Emission wavelength = 313 nm.

Temperature: 40 °C
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Table 4.2. Chromatographic parameters obtained from for the optimum HPLC
condition listed in Table 4.1. (t,, = 1.667 min)

Chromatographic Standard compound
parameter BFDGE | BFDGE.2HCI1 | BADGE | BADGE.HC1 | BADGE.2HCI
Retention time 7.40, 12.59 14.25 18.89 25.22
(min) 8.17 |
N\
Retention factor | 3. w&\ 1033 14.13
M .
k") : "
Band width 0.561 0.704
(W12, min)
Column plate 6281 7110
number (N)
The optimum sensitivity of‘g%s‘ ence detector was determined to be at
. R AR
excitation wavelength &11227 nm and emission M 13 nm. It should be

noted here that the respoise of BADGE and B. . compounds are higher

than their derivatives. Thj:hroma ogra

ﬂummmwmm
ama\mmumwmaa

andard mlxt& is shown in Figure 4-3.
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Figure 4-3. Chroy/of 0.1 Awm standard mixture separated on ODS
Hypersil C18 column (150x4. /5" um)-uémg a mobile phase of methanol-water

(60:40) with fluorescence detection at wavegength ex 227/em 313 nm.

&l

J'H ;

From the optimum condmon @gure 3.1), the order of elution was
BFDGE, BFDGE.2HCI, B Bj _B_ADGE.I;!_I;L@pd BADGE.2HCl respectively. The
chromatogram showed 2 peaks : forﬁDGE aﬁ.BF DGE.2HCI were partially
separated. Because both BFDGE and BFDGE.2HCI exist asf 3 isomers, multiple peaks
are expected but basehﬂ‘é resolution between isomers are notJnecessary Peaks of
BADGE.HCI and BADGE.2HCI are broad because they have high affinity to the

stationary phase and retain in'the column toodong.

This HPLC condition can separate all 5 analytes in fish matrixes very well
with no ebserved interference and excellent résolution could be obtained for

quantitative analysis. Figure 4-4 showed the chromatogram of standard mixture in fish

matrix.
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BFDGE

BFDGE.2HCI
BADGE.2HCI

BADGE

BADGE2HCI

condition.

3. The Specificity of Standa

Each peak in the chro

togrmﬁ of sta!{é&r? mixture run under optimized
HPLC condition was matched w1th1nfhvxdual:s}andard The retention times and UV

54

spectra were compared,, Chromatogra:m of eadh sﬂmdard anf its UV-spectrum are in

appendix A. Due to m”él‘i*smlmtyursuucmﬂ—spm‘agp not significantly
different. However, the spectra are useful for the conﬁrmgiﬁon of peaks in the

chromatogram whether they are interference or analyte. Table 4. 3 showed the

retention time of all §tandards in‘the ordér ofelution.

Table 4.3 -Retention-time-(tg; min) of all.standards

Compound Retention time (tr, min)
BFDGE 7.40, 8.17
BFDGE.2HCI 12.59
BADGE 14.25
BADGE.HC1 18.89
BADGE.2HC1 25.22
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4. The Study of Linearity

Linearity of the signal was tested between 0.035—-5.000 ppm and found to be
linear in this range. The regression data are summarized in Table 4.4. Regression plots

of the relationship between concentration and peak area were shown in Figure 4-5 —
4-9.

Table 4.4. Linear regression results (1 ﬂ)e}el, n=2)
S

-

- Intercept Slope

Compound | " 5

| (LUsec) (10™LU'secccm™g™)

|

BADGE | 2814 203.22
BADGE.HCI /[ a620 105.78
BADGE.2HCI [ o Ldnd 127.83
BFDGE "-3«0'572 132.57
BFDGE.2HCI AL -2 137 136.23

Regression lines for BFDGEmd BFBQEHCI that exist as multiple peaks are
calculated using total peak area of all isomers com "bmed Tl}erefore there is only one

regression line for eacfl

ea}ured as correlation
coefficients (R?) that approaches 1.0 when the relatlonshlp is perfectly positive linear.
Regression data in Table 4.4 showed all R>-values approach 1.0 indicating very high
linear detector respoiisés within this ConCentration raiige. Pearson’s correlation
coefficient test can be used to confirm the significant of this linear relationship. Since
the degree, of. freedom. for this experiment was,8-The Pearson’s-aceeptable value at -
95% confident limit 15 0.632, which i§ 16wer than our calculated R*values.
Therefore, it is safe to say that the detector response is perfectly linear from

0.035-5.000 ppm for all analytes.

The sensitivity of each standard could indicate by slope. The compound with

steeper slope has higher detector sensitivity. Thus, BADGE has the highest sensitivity
and BADGE.HCI has the lowest sensitivity.
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Figure. 4-7. Linear regression line of peak area vs. concentration of BADGE.2HCI obtained from HPLC data.
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Figure. 4-8. Linear regression line of peak area vs. concentration of BFDGE obtained from HPLC data.
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5. The Construction of Standard Calibration Curves

Working calibration curves of all standards were constructed from 0.035-
1.000 ppm, which is the maximum limit posed by the EU and also the expected range
of contamination in real samples. The regression data are summarized in Table 4.6,
Regression plots of relationships between concentration and peak area were shown in
Figure 4-10 — 4-14.

¥ 'f‘
Table 4.5. Linear regression results (9 le{&lj{g=9)

-
Compound /R) ”| Intercept 6 Slope N
/ E(LU'sec) (10™LU'sec'cm™g™)
BADGE 99567 771 T 0,162 19537
BADGEHCI | ,69/§ of |- 0248 10173
BADGE.2HCI oog7/ | A d1s 123.08
BFDGE | 0999f »4f 0207 130.26
BFDGE.2HCl 0.9950 i 726;%16 131.01

- . rn
== F Ry
e —

—

Regression data in Table 4.6 showed éflrl‘{'zif’alues a?proaching 1.0 indicating

very high linear detecte'ﬁ range except for
\ "

o

BFDGE.2HCI. Pearso;lgsécorrelation coefficient test was used to confirm the
significant of this linear relationship. Since the degree of freedom for this experiment
was 7. The Pearson’s,acceptablevalue at}95% cenfident limitis:0.666, which is lower
than our calculated R**values.“ Therefore, it is safe to say that the detector response is
perfectly linear from 0.035-1.000 ppm for all analytes. .As explained previously,
regression lines for BFDGE and BFDGE.HCI existed as multiple péaks-were
calculated using total peak area of all isomers combined. Therefore, there was only
one regression line for each compound. The slope of the regression line indicates
sensitivity of detector responses; the higher the value, the higher the sensitivity. From
Table 4.6, it is obvious that detector response of BADGE is the highest and
BADGE.HCl is the lowest.
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Figure. 4-10." Calibration curve of BADGE obtained from HPLC data.
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Figure. 4-12. “Calibration curve of BADGE.2HCI obtained from HPLC data.
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Figure. 4-13."Calibration curve of BFDGE obtained from HPLC data.
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6. The Determination of Limits of Detection (LoD)

Limit of detection (LoD) is defined as the amount of analyte in standard
solution that yields a peak at signal-to-noise ratio equals to 3. Extrapolation of the
standard calibration curve to intercept can estimate the limit of detection (LoD)
concentration. The signal at LoD is equaled to the signal at yg+3Sp, where yg is the
extrapolated blank signal at intercept and Sy is the standard deviation of blank signal.
Sg is equal to \[ < (y-v)%/ n-2), where y; are the'quixnts on the regression‘ line

corresponding to the individual X value. ijce the s,’fg;lal at LoD can be determined,

the corresponded LoD concentration can be exirapolaied from the calibration curve.

1

o |
Table 4.6. Compr limit of getection (LoD) values

i

Compound | iOP @Stin_';atejppm) LoD (experiment, ppm)

ys S|/, Sa | LoD (@rm)

BADGE -0.162° | '1;4.‘16 1. 0.022 0.012
BADGEHCI | -0248 /| /%6351 | 61010 0.034
BADGE2HCI | 0131 |0:851 | 0021 0.031

BFDGE 0.207 1.467 0.034 J 0.020
BFDGE.2HCI i15’3§76 3.579 0.082 j‘-‘“l 0.030

LoD values obtained from both methods are significantly different. From the
extrapolation method, LoD value depends on y-intercept and standard deviation of the
regression ling; therefore extrapolation of data’set of highér ¥ariance will'result in |
deviated LoD from true value. This is observed in the LoD values of BFDGE.2HCI
(S =3.579), BADGE (Sp = 1.416) and BFDGE (Sp= 1.467) are higher than the
experimental values. Only LoD value of BADGE.HCI (Sp= 0.351) is lower than the

experimental values.

The experimental LoD values obtained from taking ratio of S/N = 3 showed
correlation with detector response. Since BADGE exhibits the highest detector
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response, its detection is enhanced and lower LoD value is observed. On a contrary,
BADGE.HCI has the lowest detector response, its LoD value was the highest. For
BFDGE and BFDGE.2HCI, both compounds exist in multiple isomers that may
coelute in the chromatogram. Therefore, the S/N ratio taken from only one peak does
not represent the total signal from all isomers thus resulting in higher LoD.
BADGE.2HCI eluted late and broad indicated low separation efficiency and thus
results in lower peak height and higher LoD. The data in Table 4.6 suggests that the
analysis of concentration lower than the LoD v?ue will give signal that is
insignificantly different from background. Therefdfe sample reconcentration or

higher concentration should be used to obtain meatingful result.

7. The Determination 075 of Quanlitation (LoQ).

Limit of quantitatio is deﬁn%d as the amount of analyte in standard

f 1-to‘-n01sé‘r§t10 equals to 10. Extrapolation of the
1 rcept can est}glate the limit of quantitation (LoQ)
value. The signal at LoQ is eq{lalgd-.to yﬁlO_S,;,jﬂhere ys is the extrapolated blank
signal that at intercept and Sg is tgt;andardfigy.j‘@tj_on of blank signal (same as
Section 6 for LoD). O__fn'gie the signal at LoQ can be determix_ljég, the corresponded LoQ

concentration can be éxfgpolated from the calibration curgee"

solutions that yields a peak a

standard calibration curve

A
H AF

Table 4.7. Compafisen of limit of quantitation (LoQ) values

Compound LoQ (estimate, ppm) LoQ (experiment, ppm)
¥8 Sg LoQ (ppm)

BADGE -0.162 1.416 0.072 0.041
BADGE.HCI -0.248 0.351 0.035 0.113
BADGE.2HCI 0.131 0.851 0.069 0.103

BFDGE 0.207 1.467 0.113 ' 0.066
BFDGE.2HCI -0.376 3.579 0.273 0.100
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Table 4.7 reports the lowest concentration for precise quantitative
measurement of 5 analytes from 0.041-0.113 ppm. LoQ values obtained from both
methods (extrapolation of the calibration curve and taking S/N ratio) are different and
can be reasoned using the same logic as Section 6 for LoD. The HPLC method can
detect lower concentration of analytes but it can not tell the exact amount present in

sample if the concentration value is lower than LoQ.

8. The Determination of Method Precision ﬁ%@rcent Recovery

-4

i

J
A precision of any methodindicates the degiee of control over every step of
the analytical procedure ﬁ;gmj;émp’le preparation to instrtumental analysis. To ensure

good reproducibility of th Aincertain of any analytical procedure within a
laboratory must be estimz/

P hmmary estlmatlon of precision for a new method is

n'

normally performed over a s

thd of tlsne such as within one day (repeatablhty)

Repeat extraction of s qf samples can be used to measure the efficiency of
y

l’ai p

the analytical procedure es thc sampte Jpreparatlon step. Relative standard

deviations from 10 repeat anal‘glses at.LoQ (0. 641*-,.0 113 ppm) and 5-fold LoQ
(0.205-0.565 ppm) were used to estnnate botﬁ;ﬁer(:ent recovery and method precision

as shown in Table 4. 8

A £)
| S il
,_j _\_J

Table 4.8. Coefﬁments of variation (CV) and percent recovery data (n=10)

CV % Recovery
Compound
LoQ level | 5-fold'LoQ level LoQ level 5-fold LoQ level
BADGE 0.82 4.34 48.84 +4.63 64.40 +2.76
BADGE.HCl 11.17 6.20 74.17 + 8.31 76.70 + 4.76
BADGE.2HCI 12.84 5.93 86.61 +11.09 79.20 +4.69
BFDGE 12.35 5.56 77.33 +8.88 85.30 +4.74
BFDGE.2HCl 13.85 5.53 83.50 + 11.56 78.00 +4.31
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The CV values of repeat analysis (n=10) at LoQ level are approximately twice
as high as the CV at 5-fold LoQ indicating consistency of all procedures e.g. sample
preparation, and that system noises may be the culprit for higher variance at LoQ
level. Percent recovery of analytes was obtained between 64.83-85.35%, which is low
but acceptable for trace analysis in ppm range. The reason for low recovery maybe
because the spiking standards dissolve in oil and fat very well. Since oil and fat were
removed from sample to minimize interference during HPLC analysis, some of the
dissolved standards may be lost. /.
//

-

Figure 4.15 and 4.16 are graphical presentations of percent recovery and
method precision at LoQ ??IQLOQ réspectively. It'is obvious from the
diagrams that the quantitative cedure ca§ provide acceptable precision and fairly

efficient. / JI5eT
100.00 //L/ 5 -
,/ Moy Y
- .E—”-‘, /i 4
7000 § ~
: N LOG level
§ oo | § 85°L0Q level
2.0 | ‘ §
20.00 \
AN
0.00 - i § .

compound

Figure 4-15. Graphical presentation of percent recovery at LoQ and 5-fold
LoQ
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particular parameters be mvestlgated duectlmg is usually done by a preliminary

robustness test, in which the effect Qﬂonelor'nfore.parameter changed are observed.
Robustness test data can

The parameters seiected to test for their effects on the analytical results were

provide information on the ef

\Z ' P

et

volume of extraction solyent and solyent evaporation temperature. Different volumes

of acetronitrile used (20 mL v&. 30 mL) during extraction of spiked samples were

compared. Also different heating temperature duringssolvent evaporatlon at30 °C

(normal) and 40 °C were compared. Precxsxon data (eoefficients of vanauon) and

result of students #-test at 95% confident limit of 6 repeat analyses are compiled in
Table 4.9.
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Table 4.9. Coefficients of variation and student t-test data, (n=6)

Compound Ccv t-value
Method 1* | Method 2° | Method 1* | Method 2°

BADGE 9.28 12.60 1.034 0.564

BADGE.HCI 8.94 16.32 1.571 0.151

BADGE.2HC1 9.28 12.57 1.056 2.043
BFDGE 9.27 1589, 0.543 1.702

BFDGE.2HCl 9.30 IZQO{fjH 0.189 0.619

-

?=30mL acetonitiljgj}() "L “

1
®=20mL acetomM‘C E
A critical value 6f two-tailed f-test ‘(n;j—S) 15 2.57 at 95% confident limit.

The CV data indicafing higher yaria Jce' when temperature of the evaporation
changed. Higher turbulancgof é‘niii;(ture §ﬁhhg the evaporating step at temperature
increased might be the cause of higher variaﬁ’im}

T i

e bl i T

— —

A ‘."'I.":'.l - .
We can conclude that whén volume of the extractlo? solvent changed up to

) L)
10 mL, there was no 'Ei?vtmhtresuh.—ﬂowever,—tlmhinge in temperature of the
- s

evaporation up 10 °C affdcted the result.

-, T

When the nill hypothesis was the meaneoncentration of the normal method
equal to the mean concentration of the new parameter for 5 degree of freedom.
The critieal t-value at 95% eonfidence level for.comparingnermal-method and varied
solvent extraction velume for 30 mL is ess than the critical-#-value. Then, the null

hypothesis was accepted and can be concluded that there is no significant effect by

changing the solvent extraction volume.

The observed z-value at 95% confidence level between normal method and
varied evaporating temperature at 40 °C was also less than critical ¢-value, the null
hypothesis was retained and not significantly different from normal method

(evaporating temperature at 30 °C).
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10. Analysis of Real Samples

Twenty oil-based canned foods from 7 companies were tested for
contamination. All cans were 2 piece-cans with easy-open lids and came in 2 sizes.
The standard cans had a dimension of 4.2 x 4.0 cm (radius x height) and internal
surface area of 2.16 dm”. The small size cans were 3.2 x 4.0 cm (radius x height) and
internal surface area of 1.45 dm”. Food contents selected for the test were from 2
categories: tuna in oil media (1) and fried foogs ;(2)' The general data of all sample

tested are summarized in Table 4.10. Both cans and its food content were subjected to

testing. o

Beilstein’s test was orfaéd on Y]l empty cans {0 indicate types of internal

coating. Small amountof ¢ fi_n‘g was puf,ir):- the flame of'a Bunsen burner. The flame
color was observed. Thgg: -v_e resﬁlt_ (g;een flame) indicated the presence of
chlorine atoms in coating (Fi ; e41 7 ancifhié:refore the internal coating must be
organosol. Negative results i d;Cateother t_y[_:bs"of coating. Beilstein’s test data are
reported in Table 4.11. Data ?om’Fable 4.f:;f§;1§:rwed that lids of all cans were coated
with organosol polymer (positive result), Tﬁg}secause great flexibility is required
for easy-open type lid, Positive results also ﬂ;a-ﬂ'd-Wlth internal surfaces of sample
number 1, 2, 3, 4, 5, 1?;: , 14,15, 10, indicail ijhe presence of
organosols. All of these samples except for number 16 and 17 are all fried foods.

Empty cans were extracted withracetonitrile that'contacted with 50% of the
internal can surfaces for 24 hrs and the solution was analyzed by HPLC. The data of
extractable BADGE, BFDGE and their derivatives are.illustrate in.Table. 4.11. the -
range of extractable concentrationaré fiom 1.09 + 257 mg/dm’. Extremely hi gh
contamination level were detected in sample 1, 2 and 4 which corresponded th high
contamination level found in the can content as well. However, sample 3 (fried
sardines) that was packed in cleaned can seems to have high contamination-suggested
that food type may accelerate or force migration from coatings into food upon
contract result in low extractable concentration. Thirty percent of can samples tested

continued extractable components less than 10 mg/dmz, 55% contained more than 10
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mg/dm’ but less than 50 mg/dm’. Fifteen percent contained extremely high
extractable components and should not be used as food contact materials.

A 7 .. '
- TR R -
Figure 4.17. Gfieé\ flame of Beilstein’s test indicates é}itive result (organosol

polymer presented). ‘7\.@)
) -f {)

AULINENINGINT
ARIAN TN INYAE



Table 4.10. General data of food samples
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Net weight
No. Company Type Size of can
(g/can)

1 A 40 Fried cockles Small

2 A 30 Baby clam (dried) Small

3 A 90 Fried sardines Standard
4 A ?y clam Small

5 A Fn& | Standard
6 B un Standard
7 B Standard
8 B Standard
9 B Standard
10 C Standard
11 C Standard
12 C Standard
13 Cc Standard
14 D Standard
15 D Standard
16 E Standard
17 E Standard
18 F o 25 Fried white scale fish Standard
o | FOUE| TR BT | s
20 G 60 . | Fried pork Small

it
3@1151':1@ =§2r):| 3 ErHrzgﬁluy hgg:%,mngejrea@ ;\J 6 dm’

Small can=3.2 x 4.0 cm.

(

radius x height), surface area = 1.45 dm?




Table 4.11. Beilstein’s test results of empty cans and total contamination extracted from empty can (unit mg/dmz)

.
Color Beilstein’s test a — 7 Contamination level (mg/dm®)
No. | Company fom Body Lid - A AHCL | A2HCI F FHCI | F.2HCI y
et el o | @ | o ©
1 A Silver | Gray v 3845 | nd. | 46.908 | 31.774 | 78.539 | 85.310 | 246.376
2 A Silver | Gray + * 1 2466 | 1.811 | 27.349 | 23.968 | 83.931 | 117.602 | 257.127
3 A Silver | Gray v A '0.0'3’2 ¢| md. 10452 | 1469 | 1958 | 1.095 5.036
4 A Silver | Gray + 4 10668 | 1.702 | 51.194 | 28.769 | 53.683 | 49.238 | 195.254
5 A Silver | Gray + : Q nd;;j;‘; 0.386 | 3270 | 0.735 | 9309 | 0984 | 14.683
6 B Gray | Gray % 4o 0844 152210 | 16260 | 2.622 | 19.872 | 0.619 | 42.426
7 B Gold | Gray " - 3156 [-0.780 | 19.071 | 15931 | 71154 | 1117 | 47.180
8 B Gray | Gray +0) -7 0520 | 1.09 0878 | 2812 | 14640 | 0716 | 30.661
9 B Gold | Gray + .7 : 3.503 | 2.156 |11.442 | 2.410 | 10.120 | 0927 | 30.559
10 s Gold | Gray + - nd. | 0467 | 5029 | 0967 | 4983 | 0.169 | 11615

(1) = BADGE, (2) = BADGE.HCI, (3) = BADGE:2HCl, (4) = BFDGE, (5) = BFDGE.HCI and (6) = BFDGE.2HCI.
nd = not detectable (BADGE < 0.012, BADGE HCI < 0,034, BADGE.2HCI'< 0.031, BFDGE < 0.020, BFDGE.HCI < 0.027 and
BFDGE.2HCI < 0.030 ppm, respectively).

BFDGE.HCl result were calculdtediising data of Nongpanga Kulkdéw and Suparéé Pungboonlde [40].

9L
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Table 4.11 (continue). Beilstein’s test results of empty cans and tofal’ gogtamination extracted from empty can (unit mg/dmz)

Color Beilstein’s test ‘ Contamination level (mg/dm°®)
No. | Company Lid | Body Lid ety i‘ AHCL [ A2HCI | F FHCL [ F2HCL [
/Bo/ ) @) ©) “) s) ©)
11 C Gold | Gray + LSS o35t 07, 19244 | 1990 | 3475 | 0531 | 26176
12 C Gold | Gray + M S| as60 | 5787 118223 | 1.355 | 14.149 | 0698 | 44.772
13 C Gold | Gray + / [ ;"1.72 | 4382 | 11972 | 1567 | 8355 | 0533 | 28585
14 D Gold | Gray + /: “1 0063 (" 0213, | 0625 | nd. | 0899 | 0102 1.902
15 D Gold | Gray - ' 0312"‘ 0771 | 4286 | 0.808 | 1.969 | 0325 | 8472
16 E Gold | Gray T + 10196 [ 0677 | 1374 | 0453 | 3550 | 0.662 | 6912
17 E Gold | Gray + |+ | osaa’| 0.899 4334 | 0770 | 2658 | 0536 | 6.741
18 F Gold | Silver + L7 F [ 0079 | md 10253 | 0329 | 0736 | 0512 | 1.908
19 G Gold | Gray + - 0325 | 'nd. [18818 | 1.612 | 3290 | 0.713 | 24.759
20 G Gold | Gray G L - nd _| 0977 | 19306 | 1.695 | 3562 | 0498 | 26.038

(1) =BADGE, (2) = BADGE.HC], (3) ©=BADGE2HCI, (4) = BFDGE, (5) = BFDGE.HCI and (6) = BFDGE.2HCI.

nd = not detectable (BADGE < 0.012, BADGE.HCI < 0.034, BADGE.2HCI < 0.031, BFDGE < 0.020, BFDGE.HCI < 0.027 and
BFDGE.2HCI < 0.030 ppm, respectively):

BFDGE.HCI result were calculated using data of Nongpanga Kulkaew and Suparee Pungboonlue [40].

LL
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Table 4.12 summarized total contamination detected in 20 oil-based canned
foods. For foods contained oil, oil phase was also analyzes and the contamination was
also reported. The current EU’s regulation allows a total sum of BADGE, BFDGE,
and their derivatives in canned foods tested are contaminated. Twenty five percent of
samples were contaminated above the EU regulation and only one was only slightly
tainted (sample 18, 0.079 mg/kg) sample 4 was badly contaminated with total
contamination reached 4.289 mg/kg that is more than 4 times higher than the control
limit.

1/
2

Because migration of these contamination also depend on contact surface
between food and internal'eafi sur

different contamination 1

’ foo!d packs in diffrent can size will have
el due 6 differe!lt in contaet surface area. Therefore,

ortpe 'jl,trfarg:e ar:eaJ: (mg/dm®). The current EU’s regulation
allows maximum level o 4 IF BGE-and their derivatives not to exceed 0.166
mg/dm’. This is based on thé aséu pfiql:i tha};v:';e eat 1 kg of food per day and the
food was packed in a cube o X l-c?m X I_Jdii‘n;iwhich give the surface area 6 dm?
(appendix A and B). Table 4.1 summ%nzed ?ﬂ{éT:gpntamination results of 20 oil-based
canned foods available in Thalland'—Qur data%aié}q‘;te that 80% of samples tested
exceeded the limit of this regulatii.)ﬁ',":fv';\.ro out d‘f{ fbigalnples yere contaminated more
than 0.100 mg/dm? bu " 'i'; it, were §ontminated less than
0.100 mg/dm?. Sample'r{u:rpber 4 was badly contaminated W”:h total concentration
reached 2.958 mg/dm?, more than 18 times than the controi—;/alue. The lowest

contamination was-detectediat-0.036 mg/dn? (sariple(18):

contamination can also r




Table 4.12. Contamination data of food content and oil phase

1
[
Contamination in meat (mg/kg) ~~Contamination in oil phase (mg/kg) Contamination
No. A AHCI |[A2HCI| F | FHCI |F2HCI| < AHCI | A2HCI| F | F.HCI | F.2HCI
" Toial Total | (mg/kg) | (mg/can)
0] 2 3 “ &) (2{,1 g {:) (2 3) C)) ) (6)

1 | 0244 | 0025 | 0100 | 0.134 | 0.748 0:287/ : . y . . - . 1.738 | 0.070
2 | 0196 | 0026 | 0.065 | 0.124 | 0361 | 0.029 3240\ y . - - . 0.801 | 0.024
3 | 0597 nd 0.064 | 0.163 | 1.260 . 0.35/ — \ . . . . - 2372 | 0231
4 | 1166 nd 0242 | 0492 | 2.060 0.3y U AN\ ' - . - - 4289 | 0.172
5 | 0770 nd 0.121 | 0358 | 2.086 | 0415 | Bl | N - - - - - 3750 | 0.338
6 nd 0.045 | 0.116 | 0.051 | 0.204 0.026/( 441" 0050 | 0.028 | 0.114 | 0028 | 0055 | 0.044 | 0318 | 0759 | 0.140
7 nd nd 0301 | 0.039 | 0.102 | 0.034 | S _’; : . : ) - : 0476 | 0.088
8 nd nd 0.108 | 0.046 | 0231 | 0.032 nd :;.—":fld 0.127 | 0.022 | 0062 | nd | 0211 | 0.627 | 0.116
9 | 0160 | 0.035 | 0045 | 0.084 | 0345 | 0.022 L/ N . = . : : 0.692 | 0.048
10 nd 0.024 | 0087 | 0025 | 0.028 | 0028 nd nd | 0085 | nd | 0404 | 0022 | 0177 | 0403 | 0.075

(1) =BADGE, (2) = BADGE.HCI, (3) = BADGE.2HCI, (4) = BEDGE, (5) = BFDGE.HCI and (6) = BFDGE.2HCL.
nd = not detectable (BADGE < 0.012, BADGE.HCI < 0.034, BADGE.2HCI < 0.031, BEDGE < 0.020, BFDGE.HCI < 0.027 and

BFDGE.2HCI < 0.030 ppm, respectively).
BFDGE.HCl result were calculated using data of Nongpanga Kulkaew and Supare¢ Pungboonlue [40].

6L



Table 4.12 (continue). Contamination data of food content and oil phase

Contamination in meat (mg/kg) ' ﬁtamination in oil phase (mg/kg) Contamination
No. A AHCl | A.2HCI F F.HCI A.2HCI F F.HCl | F.2HCI
- Total | (mg/kg) | (mg/can)
(1) (2 3) “4) () 3) 4) (%) (6)

11 nd nd 0.112 0.020 0.068 - - - - - 0.200 0.036
12 0.335 nd 0.093 0.184 1.193 - - - - - 1.832 0.165
13 0.356 nd 0.158 0.086 0.383 - - - - - 0.983 0.039
14 nd 0.028 0.053 0.017 0.059 0.092 0.014 0.041 nd 0.171 0.327 0.061
15 nd 0.059 0.111 0.015 0.065 0.192 0.057 nd 0.033 0.370 0.620 0.115
16 nd nd 0.043 0.029 0.101 0.092 0.014 0.077 nd 0.231 0.403 0.075
17 nd nd 0.038 0.018 0.106 0.062 nd 0.056 nd 0.118 0.309 0.057
18 0.008 0.026 0.024 nd 0.010 - - - - - 0.079 0.002
19 0.158 nd 0.150 | 0.098 | 0.148 - = - = - 0.554 | 0.033
20 0.283 nd 0.078 0.053 0.186 i { y - - - - 0.532 0.032

(1) =BADGE, (2) = BADGE.HC], (3) = BADGE.2HC], (4) = BEDGE, (5) = BFIEGE.HCI and (6) = BFDGE.2HCI.

nd = not detectable (BADGE < 0.012, BADGE.HCI < 0.034, BADGE.2HCl < 0.031, BFDGE < 0.020, BFDGE.HCI < 0.027 and

BFDGE.2HCI < 0.030 ppm, respectively).
BFDGE.HCl result were calculated using data of Nongpanga Kulkaew and Supare¢ Pungboonlue [40].

08



Table 4.13. Contamination level per contact surface area

81

Concentration (mg/dm’)

No. A AHCI | A2HCI F F.HCI F.2HCI _p
(¢)) 2 (€) @ ®) (6

1 0.168 0.017 0.069 0.093 0.516 0336 | 1.199+0.048
2 0.135 0.018 0.045 0.085 0.249 0202 | 0.552+0.049
3 0.276 nd 0.029 0.076 0.583 0.133 | 1.098 +0.024
4 0.804 nd 0.167 033 1.421 0227 | 2.958+0.189
5 0.356 nd 0.056 0.1%{1{_;0.966 0.192 | 1.736+0.002
6 0.023 0.034 | 0:106 0.036=0.119 0.032 | 0.351+0.052
7 nd 018 0.047 0.016 | 0.220+0.051
8 nd 031 0.136 0.015 | 0.290+0.006
9 0.074 039 0.160 0.010 | 0.320+0.023
10 nd 0011 0.047 0.023 | 0.187+0.017
11 nd 0.009 0.031 nd 0.093 +0.007
12 0.158 f 04_3@7'-" 0.552 0.013 | 0.854+0.091
13 0.065 oo’éo 415 077 nd 0.455 + 0.055
14 nd o.o_f | 0.047 nd 0.15140.012
15 0.014 0033151 , 0030 0.015 | 0.287+0.043
16 0.005 0019 | 0.083 nd 0.187 +0.017
17 nd 0008 | 0075 | 0014 |o0.143:0016
18 0.004 nd nd_ é { 0.009 | 0.036+0.005
19 0.109 0.036 0.102 | 0039 | 0382+0.049
20 0.046 0.087 0.043 . | 0013 | 0.367+0.030

(1) = BADGE, (2) = BADGE.HCly, (3) = BADGE.2HCI, (4) = BFDGE,
(5) = BFDGE.HCland (6) = BEDGE.2HCI:
nd. = not detectable (BADGE < 0.012, BADGE.HCI < 0.034, BADGE.2HCI <
0:031, BFDGE)< 0.020, BFDGEHCI % 0.027'and BEDGE2HC]1 < 0.030 ppm,
respectively).

BFDGE.HCI result were calculated using data of Nongpanga Kulkaew and

Suparee Pungboonlue [40].
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Table 4.14. The contamination in samples from company A

Can coating Concentration
Sample No. Food type
Lid Body (mg/kg)

1 Fried cockles Organosol | Organosol 1.738
2 Baby clam (dried) | Organosol | Organosol 0.801
3 Fried sardines Organosol | Organosol 2372
4 Fried baby clam Orgahd';d}, Organosol 4.289

'
5 Fried catfish Organosodr‘p_rganosol 3.750

- = =
g— ——
Samples from con}gaay’ vere fried foods and both parts of can were coated

with organosol. The contamina n levels detected were higher than the regulation

except for sample 2 (0.080 7) "The data implied that organosol is unsuitable for
coating the internal surface

food cang th—gi required processing at high temperature
such as fried foods. S

&l

W ,:-f
Wiz fr B
101 S O compan
lIJt’a_lt}'o-rl- ln %‘ m p y

s

) Céh‘ci:oating [ Concentration
Sample No. Foo;h type - —=
\7 Lid Body. (mg/kg)
6 Tunaz éteak Organosol Epoxy 0.759
7 Tuna mayennaise | Organosol Epoxy 0.476
8 Tuna sandwich Organosol Epoxy 0.627
9 Fried baby clam Organosol Epoxy 0.692

Two types of canned foods from company B were tested: tuna in oil media and
fried foods. All can bodies were coated with epoxy resins and lids were all easy-open
coated with organosols. The contamination level found in 4 food types tested were

lower than the EU regulation.
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Table 4.16. The contamination in samples from company C

Can coating Concentration
Sample No. Food type
Lid Body (mg/kg)
10 Tuna sandwich Organosol Epoxy 0.403
11 Tuna mayonnaise Organosol Epoxy 0.200
12 Fried sardines Organdéd Organosol 1.832
'
13 Fried baby clam Organosolﬁ *Organosol 0.983

-l

— :
Fish in oil products 1 ¢ "mpanKC were packed in epoxy coated cans with
easy open lids coated with/Q/’:ols. The contamination level detected in this group
of food met the EU regulati . iz 10 and sample 11). However, fried foods

ked in—'rganosol coated cans and the

contamination detected in€reased several folds (sample 12 and sample 13). The data

produced by this comp

. . e ) . . :
reconfirmed our previous observation that organosol resins are unsuitable for fried
bl

Y v."T F
foods. —— —
I s sty
= bt " |
-T iy

"'- |.a._

Table 4.17. The contammatlon in samples from corypany Dand E

Cancoating J Concentration
Sample No. Fod{ltype =~
, Lid Body (mg/kg)
14D Tuna sandwich Organosol | Organosol 0.327
15D Tuna steak Organosol | ©Organesol 0.620
16E Tuna sandwich Organosol | Organosol 0.403
17E Tlna'steak Oiganosol | | Otganosol 0.309

Samples from company D and E tested were tuna in oil. Both can bodies and
lids were coated with organosol. The contaminations detected were below the EU
regulation. The contaminations detected were comparable to fish-in-oil packed in
epoxy coated cans (sample 10 and sample 11) implying that organosols can be used

for oil-based foods packed by process with moderate heat.
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Table 4.18. The contamination in samples from company F and G

Can coating Concentration
Sample No. Food type
Lid Body (mg/kg)
18F Fried white scale fish | Organosol | Organosol 0.079
19G Fried chicken Organosol Epoxy 0.554
20G Fried pork Epoxy 0.532
The contaminati ’ acl@oated with organosol
(sample 18) is very low in at it 1s possible roduce fairly clean organosol

i

Epoxy resins should be the coating:

P
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